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Abstract
The distribution of man-made organic compounds, specifically gasoline-derived compounds, was investigated from 2004 to 2006 in Lakes Mead and Mohave and one of its tributary streams, Las Vegas Wash. Compounds contained in raw gasoline (benzene, toluene, ethylbenzene, xylenes; also known as BTEX compounds) and those produced during combustion of gasoline (polycyclic aromatic hydrocarbon compounds; also known as PAH compounds) were detected at every site sampled in Lakes Mead and Mohave.
Water-quality analyses of samples collected during 2004-06 indicate that motorized watercraft are the major source of these organic compounds to the lakes. Concentrations of BTEX increase as the boating season progresses and decrease to less than detectable levels during the winter when few boats are on the water. Volatilization and microbial degradation most likely are the primary removal mechanisms for BTEX compounds in the lakes. Concentrations of BTEX compounds were highest at sampling points near marinas or popular launching areas. Methyl tert-butyl ether (MTBE) was detected during 2004 but concentrations decreased to less than the detection level during the latter part of the study; most likely due to the removal of MTBE from gasoline purchased in California.
Distribution of PAH compounds was similar to that of BTEX compounds, in that, concentrations were highest at popular boating areas and lowest in areas where fewer boats traveled. PAH concentrations were highest at Katherine Landing and North Telephone Cove in Lake Mohave where many personal watercraft with carbureted two-stroke engines ply the waters. Lake-bottom sediment is not a sink for PAH as indicated by the low concentrations detected in sediment samples from both lakes. PAH compounds most likely are removed from the lakes by photochemical degradation.
PAH compounds in Las Vegas Wash, which drains the greater Las Vegas metropolitan area, were present in relatively high concentrations in sediment from the upstream reaches. Concentrations of PAH compounds were low in water and sediment samples collected farther downstream, thus the bottom sediment in the upstream part of the wash may be an effective trap for these compounds.
Introduction
Emissions from watercraft engines represent a potential chronic or acute toxic threat to aquatic wildlife at Lake Mead National Recreation Area ( fig. 1 ), which includes Lakes Mead and Mohave and the Colorado River between the two reservoirs. Lakes Mead and Mohave are used intensively by many types of watercraft. Watercraft engines release uncombusted gasoline and oil to the water and air. Two-stroke carbureted engines, typically used on many older boats and on larger numbers of personal watercraft, are estimated to discharge as much as 30 percent of their fuel and oil during operation (California Environmental Protection Agency, Air Resources Board, 1999) .
Gasoline contains such compounds as benzene, toluene, ethylbenzene, and xylene (BTEX) and oxygenated additives such as methyl tert-butyl ether (MTBE) that are known to have adverse effects on human health and aquatic life. Watercraft engines also can emit polycyclic aromatic hydrocarbon (PAHs) compounds. These compounds are formed by combustion of oil and are composed of two or more fused benzene rings and can have any combination of alkyl or aromatic functional groups attached to the molecule. PAHs can occur as low molecular weight compounds, such as naphthalene, or as high molecular weight compounds, such as coronene.
The toxicity of PAHs generally increases as the molecular weight increases (Agency for Toxic Substances and Disease Registry, 1994; Moring, 1996) . High molecular weight PAHs, however, are not acutely toxic in concentrations generally detected in the environment partly because of their low solubility in water. Many PAHs may have adverse effects on aquatic organisms because of their high lipid solubilities. High molecular weight PAHs or their metabolites can be carcinogenic. High molecular weight PAHs can be produced Base from U.S. Geological Survey digital data, 1:100,000, 1988. Universal Transverse Mercator projection, Zone 11. Shaded-relief from 30-meter Digital Elevation Model; sun illumination from northwest at 30 degrees above horizon. Datum is NAD83.
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A. Lake Mead
by the incomplete combustion of fuels, during forest fires or incineration of waste materials, and as part of industrial manufacturing (Mill and others, 1981; Kochany and Maguire, 1994) . Exposure to ultraviolet solar radiation, termed photoactivation, can cause increased toxicity, but only to certain compounds (Kochany and Maguire, 1994) . Compounds with one benzene ring, such as the BTEX compounds, commonly are acutely toxic when exposed to ultraviolet radiation, whereas those compounds with many rings (PAHs) are chronically toxic when exposed to ultraviolet radiation. The intensity of ultraviolet solar radiation and the depth of penetration into the water also are factors effecting the photoactivation and PAH toxicity.
Only minor reliable scientific data are available on the effects of watercraft emissions on major use recreational desert lakes or impoundments such as Lakes Mead and Mohave. In June 1999, five water samples were collected at 1-meter depths from both lakes. Analysis of these samples indicates that BTEX compounds and MTBE were detected at all sampling sites on both lakes (Jones and others, 1999) . Bevans and others (1996) detected numerous PAHs in bottomsediment samples and in the water column at several sites in Boulder Basin of Lake Mead with semipermeable membrane devices (SPMDs). The detection of these compounds was associated with discharge of wastewater from Las Vegas Valley. Covay and Beck (2001) detected numerous PAHs and other semivolatile compounds in intervals from lakesediment cores collected at several sites in Las Vegas Bay and Overton Arm. Studies at Lake Tahoe evaluated the occurrence and distribution of gasoline-related compounds (Lico and Pennington, 1999; Lico, 2003 and 2004) and the toxicity of PAHs to fish and zooplankton (Oris and others, 1998) . 
Use of Resource
Lakes Mead and Mohave are popular recreation areas used by many people from Las Vegas, southern California, Arizona, and elsewhere. Activities generally are concentrated near developed marinas and popular beaches on the lakes. Lake Mead National Recreation Area (includes both Lakes Mead and Mohave) was the fifth most visited National Park in the country during 2005. Some of the more common activities people come to Lakes Mead and Mohave for are boating, fishing, scuba diving, hiking, and relaxing.
Another major asset of Lakes Mead and Mohave is the important habitat they provide for populations of several endangered species; including the Razorback sucker (Xyrauchen texanus), Bony tailed chub (Gila elegans), Virgin River chub (Gila seminuda), and the Woundfin (Plagopterus argentissimus).
Purpose and Scope
The purpose of this report is to document concentrations of organic compounds related to the use of gasoline-powered engines on Lakes Mead and Mohave. Organic compounds are BTEX, oxygenates, degradation products of oxygenates, and PAH. In all, water, SPMD, and bottom-sediment samples were collected from 22 sites (table 1) in the study area (water, 20 sites; SPMDs, 9 sites; and bottom sediment, 10 sites). Samples were collected in 2004, 2005, and 2006 , generally during the boating season (May-September) and once during early spring 2006.
Sample Collection and Analytical Methods
Sample Collection
Water
Water samples for gasoline-related volatile organic compounds (VOCs) were collected using a stainless-steel hand sampler ( fig. 2A ) that was lowered to the desired depth (1 meter) on either a stainless-steel cable or nylon rope (Shelton, 1997) . The sampler holds four 40-mL glass vials that are flushed with approximately seven volumes of water before being filled by the final 40 mL. Immediately upon retrieval of
Bottom Sediment
Lake-bottom sediment samples were collected from a boat using a small Ponar dredge ( fig. 2C ), which was lowered to the bottom on a nylon rope. The dredge typically sampled the upper few centimeters of lake-bottom sediment. The dredge was retrieved and then placed in a cleaned stainless steel tray where the sediment was exposed by opening the dredge. Sediment was placed into a pre-cleaned (washed with detergent, rinsed with deionized water, and baked at 450 o C) 1-liter glass jar with a Teflon® spatula and the jar was sealed and placed on ice. The samples were frozen as soon as possible after collection, packed on ice, and sent to the USGS NWQL. the sampler, the sampler was opened and each vial was removed, preserved with 1:1 hydrochloric acid, capped, placed on ice, and shipped overnight to the U.S. Geological Survey (USGS) National Water Quality Laboratory (NWQL) in Lakewood, Colo.
Detection of PAHs in water samples is problematic because of their low solubility in water and their transient nature, leading to low concentrations. Semipermeable membrane sampling devices (SPMDs) were used to sample these organic compounds in the water column. SPMDs consist of a flat low-density polyethylene tube filled with triolein (lipid) and are deployed in stainless-steel canisters ( fig. 2B ) suspended in the water column (Huckins and others, 1990 and 1993) . These devices are effective in sequestering hydrophobic organic compounds from water and are useful in assessing the bioavailability of these compounds to the biota (Bevans and others, 1996) .
During May-June 2004, SPMDs were placed at three locations in Lake Mead, two locations in Lake Mohave, and one location in Las Vegas Wash. During May-June 2006, SPMDs were placed at four locations in Lake Mead and two locations in Lake Mohave. The SPMDs were placed by suspending the canisters 3-meters below the water surface from a platform or buoy chain. When the SPMDs were retrieved, they were placed on ice and shipped overnight to Environmental Sampling Technologies (sole vendor of SPMDs) in St. Joseph, Missouri, for processing.
A. Stainless steel hand sampler used to collect water samples.
B.
Semipermeable membrane device (SPMD) used to collect organic compound samples.
C. Small ponar dredge used to collect lake-bottom sediment samples.
Laboratory Analyses of Samples
Water
Water samples were analyzed for volatile organic compounds (VOCs) at the USGS NWQL. Compounds specifically targeted were BTEX (benzene, toluene, ethylbenzene, and xylene isomers), oxygenates (diisopropyl ether, ethyl tert-butyl ether, methyl tert-butyl ether, and methyl tert-pentyl ether), and degradation products of oxygenates (acetone, methyl acetate, tert-amyl alcohol, and tert-butyl alcohol). The individual compounds were quantified using a heated purge and trap followed by gas chromatography and mass spectrometry (Rose and Sandstrom, 2003 
Semipermeable Membrane Devices (SPMDs)
Compounds were recovered from the SPMDs by dialysis and gel-permeation chromatography, extracted into hexane, and sealed in glass ampoules. These samples were sent to the USGS NWQL for analysis. The hexane extracts were analyzed for PAHs using gas chromatography and mass spectrometry (Furlong and others, 1996) . Individual PAH compounds that were analyzed in SPMD extracts and their laboratory reporting limits are shown in table 3.
Samples collected from five sites (three from Lake Mead and two from Lake Mohave) were dialyzed with hexane, transferred to DMSO (dimethylsulfoxide) The DMSO extracts also were used to determine relative toxicity of the PAHs in the samples. Microtox bioassays were conducted according to the standard protocol for the basic test described in the Microtox Manual, Volume III (Microbics, 1992) to determine the acute toxicity of compounds detected in water from the sites. Validation of the Microtox Toxicity Assay in single and complex mixtures of pesticides, polychlorinated biphenyls (PCBs), petroleum products, and PAH has been previously reported by Johnson and Long (1998) and Kaiser and Palabrica (1991) . Suspensions of a selected strain of luminescent bacteria (Vibrio fischeri, Azur Environmental, Inc. Carlsbad, CA) were exposed to each test substance in a standard four-tube plus controls 1:2 dilution series. Samples were incubated at 17 o C in a temperaturecontrolled incubator; light emissions were measured after 5 minutes with a luminometer (Azur Analyzer 500). Phenol and DMSO were the assay's standard positive and negative controls, respectively; carrier solvent (DMSO) did not exceed 5 percent of the sample volume. The standard dose-response curve method was used to determine the concentration that caused a 50-percent loss of light production in the bacteria. To calculate the effective concentration (EC50) values of the test samples, supporting computer software used a standard loglinear model and expressed the mean value of three replicates with confidence intervals (mg SPMD per mL carrier solvent). Samples were designated "toxic" when their EC50 values were significantly less than the EC50 value of the trip blank (TB). The lower the EC50 value the higher the acute toxicity. A toxicity index (TI) was calculated by dividing the mean phenol control EC50 value by the exposed SPMDs EC50 value (TI = TB/unknown sample).
Bottom Sediment
The PAH compounds were extracted from the sediment samples by solvent extraction followed by partial separation using gel-permeation chromatography. The compounds were identified and quantified using capillary-column gas chromatography and mass spectrometry (Olson and others, 2004) . The individual PAH compounds analyzed for in sediment samples and their laboratory reporting limits are shown in table 4.
Quality Assurance
Several measures were taken to ensure the procedures used for sample collection, processing, transport, and analysis did not affect the concentrations of compounds of interest in the samples. Types of quality assurance used during this study included using materials, samplers, and methods known to be appropriate for analytes of interest, collecting blanks and replicate samples in the field, and a high level of laboratory quality assurance (Pirkey and Glodt, 1998; Maloney, 2005) .
For VOC samples, field blanks were collected during each major sampling trip and consisted of pouring nitrogenpurged VOC-free water into the VOC sampler containing four VOC vials, letting the water contact the sampler for 5 minutes, then processing the samples as if they were environmental samples. Reproducibility of sample collection, processing, and analysis was assured by collecting one replicate sample during each sampling trip. These replicate samples were collected sequentially, that is, they were collected one after the other. The results of the blank and replicate samples show that contamination was not introduced by the materials and methods used for sample collection and the methods provided a reproducible sample. The results of the field blanks and replicate samples are listed in tables 5 and 11 (at back of report), respectively.
For SPMD samples, field, dialysis, and laboratory blanks were collected and processed for each deployment (2004 and 2006) . Field blanks were collected at each site during 2004 and at two sites during 2006 (one site for each lake). A field blank consisted of exposing an SPMD to the atmosphere during the time the SPMDs that were placed into the water were exposed to the atmosphere (typically 1 to 2 minutes). This was done during deployment and retrieval of the SPMDs. The exposed SPMDs were sealed in tin cans and accompanied the environmental samples to the laboratory. Dialysis blanks were a check on whether any contamination was introduced during the extraction procedure of the SPMDs, and laboratory blanks assured the sample processing and analysis at the laboratory did not introduce contaminants to the sample. Duplicate SPMD samples were collected at two sites during the 2004 collection by placing them in separate stainlesssteel containers attached side-by-side to the buoy chains. Unexposed SPMDs spiked with PAH compounds in the laboratory (laboratory spikes) were analyzed to determine the recoverability of PAH compounds during the extraction and analysis of the SPMD samples. The results of the blank and duplicate samples are shown in table 6 and show that minor contamination was present in field blanks during the 2006 collection period. The compounds detected in both field blanks were alkyl naphthalenes, naphthalene, and phenanthrene; pyrene and fluoranthene also were detected in one field blank. The concentrations, however, were far less than those reported for the environmental samples. The dialysis blank had detectable concentrations of the same compounds as the field blanks at concentrations near those detected in the field blanks, thus, the dialysis process likely did not contaminate samples. PAH compounds were not detected in field blanks collected in 2004, however, the laboratory reporting limits were much higher (250 µg/kg) as compared to those in 2006 (95 µg/kg). Laboratory blanks were consistently without detections and laboratory spikes had recoveries that generally were between 70 and 90 percent (table 6) . Lake-bottom sediment was quality assured using a laboratory blank, spike recovery, and several duplicate samples (table 7) . The estimated concentration of naphtathalene in the laboratory blank was 4.81 µg/kg, which was subtracted from the concentrations detected in the environmental samples. Laboratory spike recoveries ranged from 43 to 108 percent. The same compounds generally were detected in duplicate samples but the concentrations were sometimes different by a factor of two.
Overall, the results of the quality assurance indicate that the collection, processing, and analysis of samples collected during this study produced samples that were free of gross contamination and representative of the water or sediment sampled. Contamination was minor and always far less than the concentrations detected in environmental samples. The reproducibility of VOC samples was very good and that of the SPMD and sediment samples was slightly more variable, but reasonably good. Values represent amount of surrogate compound recovered from sample by analytical procedure. These compounds are added to the samples and are not present in the environment.
Gasoline-Related Compounds
The results of this study indicate that the use of motorized watercraft on Lakes Mead and Mohave has added organic compounds to the waters of those lakes. During operation and fueling of watercraft, organic compounds, such as BTEX, oxygenates, and PAHs, can be introduced to the water through direct spills into the water and unburned fuel and PAHs exhausted through the engine. The engine type plays an important role in the amount of raw fuel and PAHs that are emitted through the exhaust. Marine engines do not have the emission controls found on most automobiles and thus emit large amounts of hydrocarbons compared to an automobile. Certain marine engines (carbureted two-stroke) are especially dirty and can release as much as 30 percent of their fuel unburned out the exhaust (California Environmental Protection Agency, Air Resources Board, 1999). The manufacturers of marine engines have advanced the technology of how fuel is injected into the two-stroke engines to reduce emissions. These cleaner-burning engines are gradually replacing the older carbureted two-stroke engines and the hydrocarbon load to waters should be decreased concurrently.
BTEX Compounds (Benzene, Toluene, Ethylbenzene, and Xylene Isomers)
Virtually all boats operated on Lakes Mead and Mohave use gasoline increasing the potential for the volatile components of gasoline (BTEX and other additives, such as oxygenates) to enter the water. BTEX compounds were detected at all sample locations in the lakes ( fig. 3) . Oxygenates (MTBE, ETBE, TAME, and DIPE) and their degradation products (methyl acetate, tert-amyl alcohol, and tert-butyl alcohol) were either not detected or detected at low concentrations throughout the study area (table 11) . Acetone, a degradation product of oxygenates, commonly was detected at all sites.
Median BTEX concentrations in the lakes range from 0.17 µg/L at Bonelli Bay in Lake Mead to 7.52 µg/L at Katherine Landing in Lake Mohave ( fig. 3 ). Of the BTEX compounds, toluene generally was the highest concentration at most sites with the xylene isomers being the second highest (table 11) fig. 3 ), probably because the flow in the river moves most gasoline compounds downstream. The other anomaly seen in figure 3 is the high median BTEX concentration measured at North Telephone Cove (second highest median concentration of all sites; 5.6 µg/L), which is not a developed marina, but is a major launching area for personal watercraft.
Several mechanisms exist that can release gasoline components into the lakes at or near launching facilities. All marinas have fueling facilities where the potential for gasoline spillage into the lakes can occur. Fuel can be introduced to the lakes by overfilling boat fuel tanks by careless pump operators, leaking hoses, nozzles, or storage tanks, and pumpage from bilges. At North Telephone Cove, personal watercraft users sometimes refuel their machines right at the shoreline, which could lead to fuel spillage into the lake. Gross contamination that would be associated with a leaking fuel tank was not observed during this study.
Distributions of concentrations of volatile gasolinerelated compounds were different in the sites sampled during this study. BTEX concentrations, in general, were much higher in Lake Mohave than in Lake Mead (fig. 4) . Median concentrations of BTEX compounds in Lakes Mohave and Mead were 2.2 and 0.7 µg/L, respectively. Concentrations were highest in samples from Lake Mohave and the maximum value was 23.5 µg/L. BTEX concentrations were relatively low in samples collected from the Colorado River at Willow Beach with a median value of 0.2 µg/L (fig. 4) . Median BTEX concentration in water samples collected from Las Vegas Wash was 0.05 µg/L.
The concentrations of BTEX compounds detected in water samples collected from Lakes Mead and Mohave show a common variation with time of year. Concentrations are low or less than the detection limit during the non-boating season as seen in the samples collected during March 2006 (table 11) . As the boating season progresses during the summer months, concentrations of BTEX increase and reach a maximum value in mid-summer then decrease as the boating season draws to an end. This typical temporal trend in BTEX concentrations can be seen clearly in figure 5 for data collected from North Telephone Cove in Lake Mohave.
Oxygenates, like MTBE, and their degradation products, with the exception of acetone, have not been detected in the lakes since summer 2004 (table 11) 
PAH Compounds (Polycyclic Aromatic Hydrocarbons)
Several potential sources of PAH exist within the study area and include motorized watercraft, direct spills of gasoline into the lakes by leaking tanks and lines or spillage into the lakes during fueling, urban runoff from the greater Las Vegas metropolitan area and other smaller towns near the lakes, atmospheric deposition or runoff from combustion of natural vegetation in wildfires or gasoline and oil in automobiles, and industrial sources (Bertilsson and Widenfalk, 2002) . PAH compounds were determined in the aqueous phase by deploying SPMDs in the lakes and in Las Vegas Wash. The PAH concentrations presented in this report are expressed as micrograms per kilogram of compound in the lipid within the SPMDs.
PAHs were detected in all SPMDs deployed on Lakes Mead and Mohave and in Las Vegas Wash (table 8). The amounts of PAHs, both concentration and number of compounds, were not the same at all sampling sites ( fig. 6 and table 8). PAH concentrations in samples from two sites in Lake Mohave were much higher than sites sampled in Lake Mead and Las Vegas Wash. Concentrations of PAH were highest (about 6,400 µg/kg) in a sample from Katherine Landing in Lake Mohave, where more than 20 compounds were greater than detectable levels (table 8) . PAH concentrations were lower in a duplicate sample from the same site (about 40 percent), but had the same compounds in the same relative concentrations. The highest concentration detected in Lake Mead was at Callville Bay where 930 µg/kg of PAH (15 compounds) was present in the SPMD extracts. The amounts of PAH detected in Las Vegas Wash and Las Vegas Bay were quite low (average concentrations about 100 µg/kg) compared to most other sites sampled in this study.
The most commonly detected PAH compounds were fluoranthene and pyrene, which were detected in all SPMD extracts and are indicative of emissions from internal combustion engines. Naphthalenes also were commonly detected and were quantified in all SPMD extracts from the lakes, except for the 2004 sample collected at Las Vegas Bay. Naphthalenes were not detected in a sample collected from Las Vegas Wash. Most of the PAH compounds generated in Lakes Mead and Mohave probably have a very short existence in the water column. A study of the photochemical degradation of PAH in freshwaters indicated that the half lives of anthracene, phenanthrene, and naphthalene were 1, 20.4, and greater than 100 hours, respectively, in surface waters (Bertilsson and Widenfalk, 2002) . During the boating season, a daily load of PAHs enters the lakes from boating activity but these compounds generally do not reach large concentrations due to their short half lives. PAH compounds are not expected to persist throughout the winter (non-boating season) because the major source of these compounds is not present.
PAH concentrations in samples collected during 2004 from Lake Mohave were much higher than those collected during 2006 (fig. 6 ). The two sites on Lake Mohave where this occurred are very popular with users of personal watercraft. The reason for the decrease in PAH concentrations between 2004 and 2006 may be due to cleaner-technology (four-stroke) engines being used as carbureted two-stroke engines are retired from service.
Las Vegas Wash drains the urban area of Las Vegas and also contains treated effluent from sewage-treatment plants in the Las Vegas Valley. PAH concentrations were low in SPMD extracts at the sampling site downstream of Lake Las Vegas ( fig. 6 ). Water flowing from the treatment plants serving the Las Vegas area apparently is not the principle source of PAH. PAH concentrations were low in most lake-and streambottom sediment samples and are not a likely sink or source of PAH to the water ( fig. 7) . Concentrations of PAH compounds were highest in Las Vegas Wash upstream of the input of treated sewage effluent (average of about 750 µg/kg) of all sites that were sampled (table 8). The source of this water is urban runoff from the greater Las Vegas metropolitan area. The two samples collected from the Las Vegas Wash site had an abundance of the larger PAH compounds (benzo(a)pyrene, phenanthrene, pyrene, and fluoranthene), which are indicative of combustion sources, and far smaller amounts of the tworinged PAHs (naphthalenes). Many potential sources exist for the compounds detected in the sediment samples and include runoff from asphalt areas, automobile exhaust, and other industrial sources. The smaller flow volumes upstream of the discharge of treated sewage effluent into Las Vegas Wash may allow more contact of the water containing PAHs with the sediment allowing the compounds to be sorbed more readily than occurs with higher flows downstream in the wash. The Colorado River at Willow Beach (site 21, fig. 1 ) had the second highest concentration of PAH compounds (about 290 µg/kg), also with a dominance of the larger compounds.
Among the lake sites where bottom-sediment samples were collected, PAH compounds were highest at two sites in Lake Mohave (Katherine Landing and Tequila Cove) ( fig. 7) , although not as high as the stream sites. In the lake sediment, the dominant compounds were naphthalenes and a few detectable concentrations of the larger PAH compounds (pyrene, fluoranthene, and phenanthrene). One possible explanation for the occurrence of naphthalenes in the sediment is their longer half life in water as compared to the larger PAH compounds, allowing more time for the compounds to be sorbed onto sediment before degradation. The naphthalene compounds are most likely from unburned fuel, either exhausted into the lakes by carbureted two-stroke engines or spilled directly into the lakes. 
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Microtox (EC0) and Toxicity Index
The three sites sampled at Lake Mead (Callville Bay, Hemenway Harbor, and Las Vegas Bay) and two sites at Lake Mohave (Katherine Landing and North Telephone Cove) all showed evidence of bioavailable PAH compounds in the water column ( fig. 8 and table 9) . As determined by the Fluoroscan method, the two Mohave sites contained about 3,000 µg/SPMD of PAH although the Lake Mead sites ranged from 750 to 1,380 µg/SPMD. A dialysate control had a PAH concentration less than the level of quantitation. The relative amounts of PAH determined by the Fluoroscan method were in general agreement with the results determined by the SPMDs and subsequent extraction with GC-MS analysis of individual PAHs (figs. 6 and 8; tables 7 and 9).
The Microtox EC50 and Toxicity Index values of all sample sites as well as the EC50 values of the dialysate and trip blank (TB) controls are shown in table 10. The Callville Bay and Lake Mohave sites showed only minor evidence that toxic compounds are present with TI values greater than 10. Dialysates from Las Vegas Bay and Hemenway Harbor sites did not indicate the presence of toxic compounds. The fluoroscan screening of SPMD sequestered samples revealed the presence of significant aromatic organic compounds not seen in the acute toxicity bioassay. The low acute toxicity and the uniform evidence of PAHs suggested that multipleringed-substituted PAHs, probably of petrogenic (derived from petroleum) or pyrogenic (derived from combustion) origin, were bioavailable as waterborne agents. These observations indicate that PAH compounds are present but not at concentrations high enough to cause toxicity to organisms in the lakes. the summer months, concentrations of BTEX increase and reach a maximum value in mid-summer then decrease as the boating season draws to an end. BTEX concentrations, in general, were much higher in Lake Mohave than in Lake Mead, most likely due to a larger number of boats within a smaller area. Inputs from tributary streams to Lakes Mead and Mohave do not appear to contribute large amounts of BTEX to the lakes. BTEX concentrations were very low in Las Vegas Wash (contains urban runoff and seepage from the Las Vegas area and treated sewage effluent), the Colorado River at Willow Beach (reflects input from the Colorado River to Lake Mohave), near Overton (reflects inputs from the Muddy and Virgin Rivers), and Middle Point (near the confluence of the Virgin and Colorado River and indicative of concentrations in those two sources). The concentrations of BTEX near marinas that have fueling facilities indicates no grossly contaminated areas around fueling docks from leaking tanks or pipes. Finally, MTBE concentrations fall to below detection levels after it was taken out of gasoline in California (December 31, 2004) while BTEX concentrations changed little. Volatilization most likely is the primary removal mechanism for BTEX compounds from the lakes.
The distribution of PAHs in Lakes Mead and Mohave generally parallel that for BTEX compounds. PAHs were detected in all SPMDs deployed on Lakes Mead and Mohave and in Las Vegas Wash. The more popular boating areas had the highest concentrations and number of PAH compounds, whereas, the less trafficked parts of the lakes had low concentrations. The highest concentrations were at the south end of Lake Mohave where an abundance of personal watercraft ply the waters. The major source of PAH in the lakes is combustion of gasoline and oil in boat engines. The most commonly detected PAH compounds were fluoranthene, pyrene, and naphthalenes, which were detected in almost all SPMD extracts. Water from the Las Vegas metropolitan area sampled with SPMDs downstream of the release of treated sewage effluent in Las Vegas Wash had low concentrations of PAH and thus is not a major source of these compounds to Lake Mead.
Sediment samples from Lakes Mead and Mohave and Las Vegas Wash did not show the same distribution pattern of PAH concentrations as BTEX and PAH concentrations in water. Relatively high concentrations of PAH were detected in sediment from Las Vegas Wash upstream of the release of treated sewage effluent suggesting PAHs are generated in the Las Vegas metropolitan area, but are sorbed onto the sediment and not released into Lake Mead.
Bioavailable PAH was present at all five sites using the Fluoroscan method. PAH concentrations are relatively nontoxic as determined by EC50 and Toxicity Index calculations with samples from Katherine Landing and North Telephone Cove in Lake Mohave and Callville Bay in Lake Mead having slightly more toxicity than Hemenway Harbor and Las Vegas Bay in Lake Mead. 
Conclusions
Several lines of evidence indicate that motorized watercraft are the principal source of BTEX and PAH in Lakes Mead and Mohave. All of the highest BTEX concentrations were detected at locations where there are launching facilities and marinas-areas of heaviest boat traffic. In areas where few boats travel, such as Tequila Cove, Nelson's Landing, Bonelli Bay, and the Virgin Basin, the BTEX concentrations were much less. Concentrations are low or less than detection levels during the non-boating season as seen in the samples collected during March 2006. As the boating season progresses during
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